The p)roblem to be considered here, that of a plane pressure wave impinging on a thin spherical shell, was suggested by G. F. Carrier in consequence of work previously done by him on a related problem [i]. (cf. also [6] .) An attempt had been made to determine the response to an incident acoustic wave of a thin elastic shell, in particular a cylindrical shell, taking into account both the incident and diffracted waves. The form of the functions dealt with in the analysis made it difficult to obtain accurate explicit results.
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We will, as for the cylinder, deal with the linearized theory of wave propagation in a compressible fluid, and with small deflections of the shell.
II.
Forced Vibrations of A Thin Spherical Shell.
We consider a closed shell of thickness h with h<<R where R is the radius of the middle surface. The motion of any 1 closed oval shell, in particular a spherical shell is, by a theorem of Jellett [2] , primarily extensional. Therefore the general membrane theory of shells is applicable. If we locate the origin of our coordinate system at the center of the shell, and choose as the z-axis the direction of propagation of the incoming wave, then we have the additional simplification of symmetrical loading (c.f. Fig. 1 ). The equations of dynamic equilibrium for an element of shell may therefore be written [3] Here Nq and Ne are the normal forces/unit length acting on the sides of the element, s is the applied force (radial in direction), p is the shell density, and v and w are the tangential and radial components of the displacement.
To eliminate N and Ne from equations (2.1) and (2.2) we make use of Hooke's Law
1.
Principle radii of curvature finite and of the same sign. At the surface of the shell, the radial velocity of the fluid, must be equal to the radial velocity of the shell, w*(er). We wish to determine the motion of the sphere and the pressure distribution associated with the incoming and outgoing waves.
The pressure associated with the incident wave is taken to be [1] Qo b (z-TA) z <_ T A 0 z > z> /rQ+l so that the initial velocity potential is aG a e 2 a62
igW(e,E) = r(l,0, ) 4. It should be noted that for the functions we are interested in, the tendancy of the integrand in (4.9a) to become infinite for large negative T is only apparent. Actually, '0 = 0 for -o < t/k < z; and W, V, and * are zero until the wave hits the shell, i.e. for -oo < /X<-l, so that integral of Q+.9a) always exists.
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Since the waves associated with p must be outwardly moving7 take C = -i and write:
nl n+ r *o may be expanded similarly: 
in.
These are readily solved to give:
where
The quantities of physical interest to us are the stresses and radial acceleration associated with each vibrational mode, and the total pressure distribution. These can all be found at least in principle from (4.22), (4.23)9 (4.24), (4.15) and the inversion formula (4.9b).
V. Numerical results for the shell.
The transforms of the stress components will all be linear combinations of Wn and Vn (in general, gl(e)Wn + g2(e)V) , and the transforms of the radial accelerations will be -29no
From (4.22) and (4.23) we see that these expressions are regular in except for a finite number of poles. The theorem of residues can therefore be used to evaluate the integral of (4.9b).
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The computation will be carried out in detail for the three lowest modes. The parameters will be taken as
the values appropriate to a wave of infinite length impinging on a steel shell in water.
Zeroth Mode. For this mode, the motion of the sphere is very simple, consisting of uniform (0 -independent) expansions and contractions of varying amplitude and neriod.
The stresses, NP and No, are given by
Here k 2 _ 2X 2
1-v '
The integrand is regular except for poles at C= 0, 16.581, +1 + .711
with residues respectively of 1, 0060e1 6 " 5 8(+1), and -I.2818e-' 71 (' +1)sin( + 1.89).
Jordan's lemma can be adapted to give
A plot of -2N /RQ appears in Figure 2 . 5 5. These scales will also be used inplotting the 1st and 2nd modes. The reason for their choice will become clear on page 18.
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The radial acceleration is found directly from (5. .]
The results, which appear in Table 1 , demonstrate the impracticality of this new procedure. It is apparent that at least 12
terms are needed to find only the first maximum to within 10% These scales will also be used in plotting the 1st and 2nd modes. The reason for their choice will become clear on page 18.
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First Mode
The stress components here are
The integrand has poles at C = 1.17i, 16.58i, and +3.81 + o.645i.
On computing the residues we obtain Quasi-Static Case.
It is of interest to compare the hoop stresses we have obtained, as represented by those of the zeroth mode) with the stresses for the quasi-static case; i.e. for the case in which the sphere is taken to be rigid and scattering is neglected.
Since the effects of only the incident wave are con- 
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The maximum acceleration in the zeroth mode is only one fifth that of the rigid sphere. The resemblance is greater for the first mode, where the two significant maxima occur within the time IMI<l, the larger being one half that of the rigid sphere. In the second mode where we begin to have large negative accelerations, there is considerable difference in form between the dynamic and quasi-static cases although the maximum positive acceleration of the former, .7) has moved still closer to the rigid body value of 1.
This value of 1 is, we recall, very much smaller than the maximum of the total radial acceleration for the dynamic case (p. 17).
VI. Resultant Pressure distribution.
From (3.2), (4.2)9 (4.15), (4.24) and (4.9b) the total pressure is knoim to be:
where Cl and C 2 are given on p. 10.
Unfortunately, the order of summation and integration in (6.1) cannot be interchanged, i.e. the total pressure cannot be found as the sum of the pressures associated with the Higher order terms may be obtained in the same way.
To second order: therefore by analogy, to second order:
C , oo n-0 con
C -2C
22 2 This does not correspond exactly to the first two terms in PIIt therefore we must subtract
We also have, again to second order + i)e- Additional terms will be of little value since our expansion is valid only for >, or (/-cos 9)< < .05.
The terms we have found so far however are sufficient to tell us some things of importance.
The incoming wave will reach the point (1,G) on the sphere at time z/% = cos 9. The initial pressure for each 9 6 is given by 6 . The elastic waves in the shell will travel more rapidly-than the acoustic waves and will result in a pressure, P # 0 at (1,G) before the time T/X = cos 0, 0 # it However, this effect is negligibly small compared with the one we are considering.
• Bll-ll-24- The results of section V indicate that we will have asymptotic values of RQo/2 for the stresses and zero for the radial acceleration, which also correspond to a uniform pressure of
Q0 = PI"
At present, this is about all that can be said on the subject of the pressure distribution. A completely satisfactory way of dealing with the problem will not be had until it is possible to find the sum in (6.1). 
